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Abstract
Environmental sustainable development has become an important goal of construction progress, and waste management is one of 
the key links in construction. Although many policies in China have been issued to promote construction waste management, 
unfortunately there is no significant effect, and the key is lack of a quantitative evaluation system and guidance on management 
level. Based on the domestic and foreign relevant experiences, this paper puts forward a new system to evaluate waste 
management performance in an architectural engineering project. Through research, main influence factors of construction waste 
management in our country are confirmed, namely: “commitment of contractor’s representative on site; collecting packed 
materials back by suppliers; minimizing rework in the construction phase; design and construction using standardized materials; 
and appointment of laborers solely for waste disposal”. Through four construction cases in the Pearl River Delta with the 
application of performance assessment model of waste management in architectural engineering projects, it is proved that the 
model can effectively measure the waste management performance in construction site, with clearer responsibilities and higher 
performance. Finally, it is suggested that our government should assess waste management performance in construction site 
pertinently, develop market assessment software actively, and promote the environmental sustainable development of 
architectural industry.
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1. Introduction
Resource depletion, serious environmental pollution, global warming are forcing many countries to pay attention 
on environmental issues in the architectural industry, to spend a lot of time and capital to establish environmentally
sustainable building systems, as well as to have an intense desire to environmental assessment methods and 
technology for sustainable development in construction. There are four major negative influences on environment 
from the design phase to the construction phase in an architectural engineering project, they are: construction waste, 
construction noise, on-site dust, air pollution. Among these influences, the construction waste is recognized by 
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scholars as the most environmentally harmful throughout the whole engineering project
In recent years, with China's rapid economic development and accelerating process of urbanization, a large 
amount of construction wastes were generated in urban construction. Governments and academics paid growing 
attention on the construction waste’s impact on the environment, emphasized on construction waste management. 
For example, the government promulgated the “Urban construction waste management regulations” in 2005, “the 
treatment of construction waste implements the principles of reduction, materialization, harmlessness, and who 
generates who takes the responsibility”. Many scholars have done a lot of researches, including current situation 
analysis of construction waste, influence factor analysis, introduction of foreign experiences and so on, proposed the 
thoughts of “promoting waste reduction design, including environmental protection and waste management 
measures in bidding system, strengthening the construction site management and market-driven mechanisms” 
[7~10]. However, there are few researches on performance assessment of construction waste management, and also 
few software of construction waste management performance assessment like foreign countries do. The purpose of 
this paper is to learn from foreign experiences and to establish an accurate assessment model that can help project 
managers assess the performance of waste management. The model can quantize the management performance by 
confirming waste management influence factors, thus to assess the waste management performance in construction 
phase in architectural engineering projects especially the high-rise buildings in China.
, and also as the phase with 
the most solutions by reducing material waste or recycling [1-3]. Foreign countries and Hong Kong attach more 
emphasis on environmental assessment of buildings when establishing the environmentally sustainable development 
system. In the design stage, there are the UK's Building Research Establishment Environmental Assessment Method 
(BREEAM), the American Leadership in Energy and Environmental Design (LEED), the Hong Kong’s Building 
Environmental Assessment Method (BEAM). In the construction phase, American Technical Assessment Institution 
firstly developed a simulation software (Waste Plan) used in assisting solid waste management and analysis in 1998. 
The Canadian scholar Ruwanpura and other scholars developed construction waste management optimization model 
based on simulation system. With the basis of construction activities and project progress, assess various types of 
construction waste, and simulate integrated construction waste management system. South Korean scholar Hee Sung 
Cha et al (2009) researched and developed the construction waste management assessment tool (WMPAT) in 
construction phase [4-6].
2. Establishment of assessment model of waste management performance in construction project
2.1. Identifying waste management influence factors(WMIF)
South Korean scholar Hee Sung Cha [7] defined “waste management influence factors(WMIF)” as “in 
management performance assessment of building construction, the management factors influential on the reduction 
of construction waste and promoting recycling of waste management”. Based on the above definition, with the 
reference on a wide range of national literature, as well as by interviewing project managers and visiting 
construction sites of high-rise office buildings in the Pearl River Delta region, we define “waste management 
influence factors” as “in the construction site management, the factors influential on the reduction of construction 
waste, harmlessness and materialization”, and we preliminarily design factors that may affect waste management. 
Factors were finalized and categorized into five areas, including manpower, Construction method, materials and 
equipment, Management practice, and architectural industry policy.
The complete set of 56 factors identified in this study is shown in Fig. 1. These factors can be regarded as 
potential indicators that relate with improving construction waste management performance. In the “Manpower” 
category, there are three factors in relation with participants’ commitment, management organizational structure, 
and education program of the staff. In “Material and equipment” category, cyclic utilization of waste is emphasized. 
In the “Construction method” category, there are 12 factors related with disposal of construction wastes, including 
how to provide waste recycling bins and how to classify mixed construction waste. In the “Management practice” 
category, 15 factors are listed in relation to the contractor’s waste management plan and execution approach, 
contractual conditions for waste treatment, and the contractor’s supervision of waste control. Finally, in the 
“Architectural industry policy” category, regulations and laws related to waste treatment are included.
By investigating the important roles of 56 factors in waste management practice, the results show the average of 
relative importance of factors is greater than 5.0 (where the maximum is 10). If give these factors some weight and
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transform them into measurable indicators, they can be used in waste management assessment on building 
construction site, and can effectively assess the waste management performance of project participants (mainly 
contractors).
Table 1. Cause-and-effect diagram for waste management performance improvement
Manpower Construction method
 A1 Commitment of contractor’s representative on site  C1 Setting up separated bins by waste type
 A2 Appointment of labours solely for wastes disposal  C2 Sorting out individual waste by type from mixed 
materials
 A3 Cooperation of subcontractors  C3 Designate a place for sorting wastes in an early stage 
of construction
 A4 Organization breakdown structure involved in waste 
management
 C4 Setting up temporary bins at each building zone
 A5 Education of project managers, technicians  C5 Sorting wastes at an easily accessible area
 A6 Education of labours  C6 Providing bins for collecting wastes for each 
subcontractor
 A7 Preventing waste of materials by labours  C7 Noticing engineers the responsibility on reusing 
wastes
Materials and equipment  C8 Noticing staff to reuse recycled materials
 B1 Collecting packed materials back by suppliers  C9 Preventing mixing wastes with soil
 B2 Minimize rework on a construction phase  C10 Prohibiting use of pipes for dumping down mixed 
wastes
 B3 Design and construction using standard materials  C11 Installing an information board to notice categories 
for separating wastes
 B4 Prefabrication of materials  C12 Informing methods to deal with rest of the wastes 
after recycling
 B5 Use of recycled materials Management practice
 B6 Preventing easily fragile materials from being used  D1 Rules on dealing with waste-generators
 B7 Collecting recycled materials back  D2 Contractual clauses for a subcontractor in dealing 
with wastes
 B8 Collecting left construction materials  D3 Positive incentive for decreasing  or recycling by 
subcontractors
 B9 Minimizing loss of materials during carrying and storing  D4 Keeping a record about waste management (amounts, 
kinds, etc)
Architectural industry policy  D5 Shortening a period of collecting wastes in a site
 E1 Obligatory cost estimation for quantity of waste treatment in 
a bill
 D6 Contractual clauses about the method for a waste 
disposal agency to treat wastes
 E2 Enhancing punishment for illegal treatment of wastes  D7 Establishing an waste management plan in an early 
stage of construction
 E3 Incentive in bidding for a contractor having a plan about 
decreasing waste and increasing recycle
 D8 Checklist on executing detailed waste management 
plan
 E4 Supervising waste management by a residential officer  D9 Confirming capability of a firm which treats wastes
 E5 Issuing waste management levels from owners to 
contractors
 D10 Deciding an objective rate for recycling wastes
 E6 Simplifying legal procedure to install waste treatment 
equipment 
 D11 Keeping a record about recycling wastes
 E7 Activating development of technique to treat and recycle 
wastes
 D12 Shortening a period of taking waste out of a site
 E8 Establishing criteria for quality and safety of recycled 
materials
 D13 Informing recycling methods and uses in a site
 E9 Constructing marketing structure for recycled materials  D14 Checking the route periodically for a waste agency 
to carry wastes
 E10 Raising fees for mixed wastes  D15 Checking and submitting the documents of waste 
disposal
 E11 Reducing fees for separated wastes
 E12 Tax free for waste treatment equipment
 E13 Database management for construction wastes
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2.2. Questionnaire Survey: weight values of waste management influence factors
To investigate the magnitude of relative importance of all 56 factors, a questionnaire survey has been conducted. 
In the questionnaire, the respondents are requested to select the best option between 0 and 10 in terms of their 
relative importance. A score of “10” represents “the most significant influence on decreasing wastes, harmlessness 
and materialization”, whereas a score of “0” represents “no influence on decreasing wastes, harmlessness and 
materialization”. The survey participants were selected from among waste management practitioners on construction 
sites, especially participants (project managers, technicians) in high-rise building projects. More than 100 
questionnaires were distributed to the construction sites in the Pearl River Delta area or were sent to the e-mail of 
project managers, 86 questionnaires were considered to be valid. The investigated project managers and technicians 
had an average working experience of 6 years or more. After data collection, the average and variance of each factor 
were calculated, as shown in Table 2. It is noteworthy that four factors (A1, A2, A3, and A6) in the “Manpower” 
category are included in the top-ten-ranked listing. As such, it can be concluded that manpower is critical in
successful waste management practice. On the other hand, none of the items from “Architectural industry policy” 
category appears in the top-ten listing, which indicates that waste management regulations and/or ordinances are less 
important than expected in the current national incomplete situation. Based on the basic statistical analysis, the 
following top-five-ranked factors were effectively identified as the most significant. They are: commitment of 
contractor’s representative on site (A1); collecting packed materials back by suppliers (B1); minimizing rework in 
the construction phase (B2); design and construction using standardized materials (B3); and appointment of laborers 
solely for waste disposal (D6). Although the identification is subjective to some extent and a more rigorous 
statistical analysis should be conducted, the results can simply imply relative importance in achieving better waste 
management.
Next, we needed to identify the relative importance of the five categories, the 56 individual factors were divided 
and their weights were computed by averaging the mean values of factors in each category. When ranking the five 
categories, the “Management practice” category comes first, with the highest weight (0.268). “Management 
practice”, “Materials and equipment”, “Construction method” and “Architectural industry policy” are sorted in 
descending order as provided in Fig. 1.
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Fig. 1 Weightings of the Waste management influence factor by category
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Table 2 Survey Results: Waste Management Influence Factors ˄Partial˅
Rank Identification Average SD Rank Identification Average SD
1 A1     8.12 1.532 15 E1   6.982 2.147
2 B1    7.824 2.305 16 E3   6.923 2.065
3 B2    7.632 1.608 17 A5   6.86 1.89
4 B3  7.543 2.206 18 B4 6.845 1.624
5 D6     7.52 1.436 19 D3   6.728 1.78
6 A6    7.432 1.548 20 D12 6.709 1.645
7 D5   7.34 2.133 21 E4 6.684 1.438
8 A2    7.241 2.087 22 C12  6.653 1.526
9 A3  7.175 1.98 23 E9  6.54 2.34
10 C8    7.152 1.806 24 E7  6.536 2.217
11 C1     7.146 2.056 25 E4 6.528 2.012
12 A7     7.142 1.417 26 C7   6.512 1.826
13 D1     7.138 1.532 27 E2  6.407 1.437
14 D7    7.102 1.67 28      A4 6.364 1.658
2.3. Assessment of the waste management performance level using waste management influence factors
In this study, the writers developed a quantification method for measuring the level of waste management 
performance for individual projects, especially for high-rise building projects. The whole set of 56 factors were too 
many to be included in the evaluation process. As such, only a half-part of the waste management influence factors 
were considered to be appropriate in developing a project-specific assessment. In addition, the screened factors have 
to be converted into a new format to be measured in practice in order to effectively assess the level of waste 
management performance.
Based on the survey results, top-ranked 28 factors were selected as the relatively more influential factors. Among 
them, six factors were related to the “policy” category and were excluded from the set because policy-related factors 
were considered to be uncontrollable at the individual construction site (see Table 2). As a result, 22 factors were 
finalized as improving on-site waste management performance. In order to measure the degree of agreement on the 
finalized factors quantitatively, each factor is converted into a “question-response” format, and the tool user of the 
subject project is requested to select the most appropriate response for each factor. For example, one is asked 
“whether the contractor’s (contractor’s) representative is committed to waste management” in order to quantify the 
agreement level of factor A1. In this case, there are 5 options based on the degree of commitment, i.e., strongly 
agree, somewhat agree, moderate, somewhat disagree, and strongly disagree. In this way, all of the finalized 22 
waste management influence factors have been converted into a “question–response” format. It is noteworthy that 
some of these factors have more than two questions to be answered. Table 3 shows the converted factors in the 
“Manpower” category with the corresponding questions and their responses. As seen in Table 3, the responses have 
their own scores ranging from 0 to 1. These scores have been derived from on-site interviews and investigations of 
waste management practitioners (project managers, technicians, supervisor engineers, building workers, etc. With 0 
as the minimum value and 1 as the maximum, the intermediate scores (i.e., 0.5, 0.75, etc.) have been computed by 
152  Liu Jingkuang and Wang Yousong / Systems Engineering Procedia 1 (2011) 147–155
averaging the weights provided by the practitioners. As the result of the interviews and questionnaires, 30 question 
items for 22 waste management influence factors have been completed.
Table 3 Question̢Response Format for Waste Management Influence Factors˄Partial˅
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3. Establishment of waste management performance assessment model
In the research, the main thought of waste management performance assessment model is as below: see Fig. 2.
Fig.2 Logic flowchart for Waste Management Performance Assessment
Firstly, the user is required to input project information, including project name, location, evaluator, and date of 
evaluation. In the next step, the participants answered questions of “questions of waste management influence 
factors” of the questionnaire or by e-mail. After completing the response selection process, the system automatically 
computes the total score, “Total Index” (TI), which indicates the level of waste management performance for the 
subject project. The following equation was used in developing this tool:
4
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Total index refers to the total score, RSijk= score of kth response for jth factor in ith category; RWijk = weight of kth 
response for jth factor in ith category ( 0 10ijkRW d ); CWi 0 10iCW d= weight of ith category ( ); FWij
0 10ijFW d
= weight 
of jth factor in ith category ( ); l = number of factors in ith category; and m=number of responses for jth 
factor in ith category.
This assessment model uses three different types of weights, including response, factor, and category. The 
computation for these weights is currently based on the questionnaire of projects managers and technicians, expert 
experience and knowledge. Therefore, the assessment results are subjective to some extent. To minimize this 
disadvantage, in the research, data collection must be rigorous and identify influence factors. By multiplying the 
option scores for each waste management influence factor with the three types of weightings, the total index is 
easily obtained, and ranges from 0 to 1000. The score can show the current level of waste management practice in 
architectural engineering projects, mainly for high-rise residential projects. In order to give some guidance for the 
waste management practice, we classified the total scores into four levels, including excellent, good, fair, and poor. 
For example, to be classified as an excellent project, the TI score should be over 800, whereas in poor projects, the 
score is below 400. The numeric system for classification is still in the process of validation. In future research, the 
scoring method and classification guidance shall be improved by collecting the real project data with updated scores 
and weights on a periodical basis.
Input project information
Derive WMIF questions
Choose best choice for each WMIF Q’s
Compute TI score
Interprete results
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4. Empirical analysis of project cases
    During carrying out this study, we investigated 4 high-rise building projects under construction in the Pearl 
River Delta region. The assessment results are shown in Table 4. In the questionnaire, the project managers were 
asked to assess the performance of waste management with 4 assessment systems including excellent, good, fair, 
and poor.
Table 4 Validation Test Results
  Project information   
Contract
Case Building amount Results
project areas (m2) ($M) Location  
1 196241 32400 Xintang Town, Guangzhou Fair(400~600)    450
2 82,402 18364 Tianhe District, Guangzhou Fair(400~600)    480
3 50000 6500 Huangpu Town, Zhongshan Poor (0~400)   368
4 89824 10329.76 Shunde District, Foshan Poor (0~400)     385
The above assessment results indicate that the waste management performance of high-rise residential projects 
under construction in the Pearl River Delta is still relatively low. The projects with low scores affect the 
construction management level of the whole projects, and even economic benefits. Project managers need to 
improve construction waste management. In addition, during the whole process of assessment, the survey also found 
that:
(1) In manpower aspect. Project managers and workers were seldom aware of the importance of waste 
management from environmental protection and sustainable use of materials, and in the project, there was few 
training or education specifically for the project waste management; the implementation commitment 
(implementation awareness) of project participants to waste management, including workers, subcontractors and 
general contractors played a more important role in waste management compared to new technology or management 
regulations.
(2) In materials and equipment aspect. Many packaged bags were scattered on construction site but not 
recycled by suppliers timely and effectively, recycle materials were not fully used (except for the template, scaffold), 
and some workers even burned them as firewood.
(3) In Construction method aspect. On most construction sites, the Construction methods did not have waste 
management organization aiming at reducing waste or a clear organizational structure; few project managers 
specially designated a region to treat construction waste.
(4) In Management practice aspect, most of the contract terms, whether the contractor or the subcontractor, was
neither related to the cost of construction waste disposal, nor incentive policy terms. Waste-related data were not 
well documented.
5. Conclusions and recommendations
Environmental sustainability has become an important driving force promoting the continuous grow of 
architectural industry. To follow up on this trend, many countries try to establish sustainable construction system 
and develop the effective tool of assessment performance. They not only research and develop building environment 
assessment tool in the planning and design phase, but also develop waste management software in construction 
phase, and take waste management as an important component of construction management. At present, China has 
not targeted to assess the performance of waste management on construction site; the assessment model presented in 
this study can provide guidance for the improvement of the construction site with the total score. However, the 
model has a certain degree of subjectivity, the program is relatively complex, and requires rigorous data collection 
and further develops into waste management software suitable for national construction site. Waste management 
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software can be a separate version, or can be integrated into the project management software on the market. This 
will enhance the level of architectural engineering project management in China; as well can promote the 
environmentally sustainable development of architectural industry.
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